Thirty-five birds that died with naturally acquired psittacine beak and feather disease (PBFD) were necropsied to identify extracutaneous viral inclusions. Inclusions were found in various tissue sections from 34 of 35 birds. By immunoperoxidase staining, intranuclear and intracytoplasmic inclusion bodies were shown to contain PBFD viral antigen. Inclusion-bearing lesions were widely disseminated but often closely associated with the alimentary tract. Lesions within the palate, esophagus, crop, intestine, bursa of Fabricius, and liver probably serve as sources for viral shedding into the feces.
Psittacine beak and feather disease (PBFD) was first described in South Pacific psittacine birds in the mid-1970's. The disease is characterized by varying degrees of symmetric feather dystrophy and loss. In addition, beak deformities, including abnormal elongation, palatine necrosis, and transverse to longitudinal fractures or delaminations, may also occur. Approximately 35 species of psittacine birds are susceptible to PBFD, but the actual host range remains largely unknown?
Evidence for a viral etiology of PBFD was based on natural and experimental transmission of the disease, 2, 7 intranuclear and/or intracytoplasmic basophilic inclusion bodies in histologic sections, 1, 2, 4 and paracrystalline arrays of putative viral particles in ultrastructural sections of diseased feathers. 1, 2, 4 Recently, a novel virus has been extracted from feather follicle tracts of diseased birds and has been characterized? The virus, a prototype for a new viral family with the suggested name Diminuviridae, is a 14-17 nm icosohedral nonenveloped DNA virus. The viral DNA is 1.7-2.0 kilobases in length, single stranded, and arranged in a cir-cells of the liver, and esophageal epithelial cells as undocumented observations. 3 Association of inclusions with the presence of PBFD viral antigen has not been confirmed. The purpose of this study was to document extracutaneous (nonskin and nonfeather) inclusions in PBFD, especially those that might contribute to increased viral shedding in the feces. In addition, we wished to verify that inclusions in routine histologic sections actually contain PBFD viral antigen.
Materials and methods
Birds. Thirty-five psittacine birds with PBFD were examined at necropsy following natural death. All birds were diagnosed previously as having PBFD, based on historical information, clinical examination, and histologic confirmation of typical inclusions in feather biopsy material. The study group included 26 cockatoos (10 umbrella, 6 Moluccan, 3 lesser sulfur-crested, 2 goffin, 1 black palm, 1 citron, 1 Major Mitchell, 1 Philippine red vent, and 1 triton), 6 parrots (5 African grey and 1 red-lored Amazon), and 3 peach-faced lovebirds. Causes of death ultimately were attributed to PBFD cular configuration.
Virus can be extracted from cutaneous tissues 6 and alone (n = 11) or to PBFD-related diseases including septicemia (gram-negative, n = 4; gram-positive, n = 2), localized can be recovered from feces of some birds in concenbacterial infections (n = 5), chlamydiosis (n = 4), concurrent trations exceeding that expected by grooming or preenviral infection (herpesvirus, n = 2; papovavirus, n = 1), ing activities alone (B. W. Ritchie, personal commu-systemic mycobacteriosis (n = 2), nephritis (n = 2), pulnication, 1989). Although feather inclusion bodies have monary aspergillosis (n = 1), and nonsuppurative myocarbeen mentioned repeatedly in the literature, observaditis (n = l). from feather follicle tracts of diseased birds by a published method? Briefly, frozen feather follicle tracts were thawed, minced, and homogenized. Following centrifugation at 1,000
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x g for 10 min, the supernatant was layered onto a 45% sucrose cushion in Tris buffer and centrifuged at 140,000 x g for 2 hr at 4 C. The crude viral pellets were resuspended in Tris buffer, adjusted to 1.40 g/cc with cesium chloride, and centrifuged to equilibrium at 270,000 x g for 16 hr at 20 C. The virus band was identified, removed by side puncture of the gradient tube, and further concentrated by centrifugation through a 45% sucrose cushion. Rabbit anti-PBFD whole virus antibody was produced for immunohistochemical staining. This primary antibody was generated by inoculating a rabbit with purified virus suspensions. Following initial immunization and 2 booster injections, the rabbit was bled and serum was harvested. Rabbit IgG was precipitated with saturated ammonium sulfate, resuspended in phosphate-buffered saline solution (PBS, pH 7.4), aliquotted, and stored at -20 C until use. Prior to immunohistochemical staining, the antibody solution was thawed and adsorbed with chicken liver and kidney powder to minimize nonspecific staining. Optimum dilutions of the primary antibody (1:4,000) were determined by previous testing.
Immunohistochemistry. Immunohistochemical staining
was performed by the avidin-biotin complex immunoperoxidase (ABC) technique using a commercial kit. a Replicate tissue sections were placed on poly-L-lysine b -coated slides and dried overnight at °60 C. Tissue sections were subsequently deparaffinized, rinsed in deionized water, and treated for 15 min with 3% hydrogen peroxide to quench endogenous peroxidase activity.
The tissue sections were rinsed in PBS, and nonspecific staining was reduced by application of normal goat serum. Primary rabbit antibody was applied at a predetermined dilution (1:4,000), and sections were incubated overnight at 4 C. The slides were rinsed in PBS, goat anti-rabbit biotinylated antibody was applied (1:200 dilution), and the sections were incubated for 30 min at room temperature (23 C). Following a rinse in PBS, ABC reagent was applied, and sections were incubated at room temperature for 1 hr. Tissue sections were rinsed in PBS again and developed for 6 min in a freshly prepared solution of hydrogen peroxide and diaminobenzidine b substrate. After a final rinse in deionized water, sections were counterstained with hematoxylin, dehydrated, coverslipped, and examined.
A negative control was included for each specimen by substituting normal rabbit serum a (1:4,000 dilution) for primary antibody and performing subsequent steps as previously described. Feather sections from a bird with typical PBFD inclusions were included as positive and negative controls to validate the staining technique and to provide guidelines for distinguishing positive from nonspecific (background) staining. Positive staining was indicated by the presence of a brown pigment.
Results
Extracutaneous viral inclusions were observed in 34 of 35 birds examined. The tissue distribution and frequency of inclusion-bearing lesions are presented in Table 1 . Inclusions in the beak and palate, esophagus, crop, and claw were located primarily within macrophages and less frequently within epithelial cells. Inclusions within the intestine usually were present in epithelial cell nuclei. In the remaining tissues, inclusions were confined to the cytoplasm of macrophages.
In HE-stained tissue sections, inclusions within macrophages appeared as globular purple intracytoplasmic bodies. Inclusions within epithelial cells were purple and intranuclear (Fig. 1) . Following immunohistochemical staining, the inclusions usually were diffusely brown, indicating the presence of PBFD viral antigen ( Fig. 1) . Occasionally, a portion of the cytoplasmic inclusions within macrophages did not stain with the ABC technique.
Discussion
The immunohistochemical portion of this investigation indicates that the intranuclear and intracytoplasmic basophilic inclusions observed in HE-stained tissue sections contain PBFD viral antigen. Viral antigen-bearing inclusions may be widely disseminated within the body but often are associated closely with the alimentary tract. Therefore, increased shedding of PBFD virus in the feces of some infected birds can be explained by viral damage and persistence within the alimentary tract (hard palate, tongue, esophagus, crop, and intestine) and within closely associated tissues or organs such as the liver (Kupffer cells) and bursa of Fabricius.
Marked destruction of the bursa of Fabricius and persistence of virus within the thymus suggest that birds with PBFD may be immunocompromised. This hypothesis is supported by an increased incidence of septicemia, localized bacterial infections, chlamydiosis, concurrent viral infections, mycobacteriosis, and aspergillosis within this group of birds. In addition, previous investigations have shown that birds with PBFD may have hypogammaglobulinemia, l indicating depressed antibody formation by B-lymphocytes. The persistence of inclusions in birds both acutely and chronically infected with PBFD suggests that inclusion body formation is not transient; inclusion bodies may persist in target cell populations such as macrophages or may occur regularly as cell populations undergo periodic renewal.
Inclusions with partial immunoperoxidase positivity in macrophages probably represent phagocytosed host cell DNA or the presence of viral nucleoprotein that is not recognized by the primary antibody. This assumption is supported by the fact that inclusions often exhibit Feulgen positivity, indicating the presence of DNA. l,4
